IN THE SPECIFICATION 

Please insert the following paragraph on page 1 after the title of the invention and before the 
"Technical Field": 

--RELATED APPLICATION 

This application is a national phase of PCT/JP2004/01 1400 filed on August 2, 2004, 
which claims priority from Japanese Application No. 2003-285254 which was filed on August 1 5 
2003, the disclosures of which Applications are incorporated by reference herein. The benefit of 
the filing and priority dates of the International and Japanese Applications is respectfully 
requested.— 

The following paragraphs will replace all prior versions of them in the specification of the 
application. 

1) On page 3, lines 21 and 22, please amend the following paragraph as follows: 

In order to solve these problems the present invention is a solid-state imaging device including: a 
plurality of light-receiving units two-dimensionally arrayed in a semiconductor substrate; a filter 
unit operable to transmit incident light of selected wavelengths to the plurality of light receiving 
units; and a light shielding unit operable to shield incident light, the light' shielding unit having 
a plurality of apertures, each aperture opposing a corresponding light receiving unit, wherein on 
a path of incident light from the light shielding unit to the plurality of light shielding liRht- 
receiving units, the filter unit is disposed between the light shielding unit and the plurality of 
light-receiving units. 

2) On page 5, lines 4 and 5, please amend the following paragraph as follows: 

-2- 



Further the present invention is a camera including the solid-state imaging device having a 
plurality of light-receiving units two-dimensionally arrayed in a semiconductor substrate; a filter 
unit operable to transmit incident light of selected wavelengths to the plurality of light receiving 
units; and a light shielding unit operable to shield incident light, the light shielding unit having a 
plurality of apertures, each aperture opposing a corresponding light receiving unit, wherein on a 
path of incident light from the light shielding unit to the plurality of light s hielding light- 
receiving units, the filter unit is disposed between the light shielding unit and the plurality of 
light-receiving units. 

3) On pages 5-17, please delete the following paragraphs: 

Further, the present inv e ntion is a solid stat e imaging device including a filter unit operable to 
tran s mit incident light of s e lected wavelengths of order A,, wherein the filter unit is a dielectric 
multilayer film that includ es two A/ 4 multilayer films, and an insula tio n layer s a nd w iched 
between the AM multilayer films, th e insulation layer having a thickness other than A/ 4 . 

B ei ng for med using a dielectric multilayer film as de s cribed above, the filter unit can 
have a smaller thickness. This pr e vent s oblique light from reaching a pixel adjacent to an 
intended pixel, thereby improving th e color separation function. Note that, in thi s specification a 
AM multilayer film means a film composed of multiple layers, each of which has a thicknes s of 
approximately AM. 

Here, the dielectric multilay e r film may include: the in s ulation layer having an optical 
thicknes s other than A/4, the two A/ 4 multilayer films, each including a first dielectric lay e r 
h a v i ng an opti cal t hickne ss of A/ 4 and being made of a mat e rial having a different refractive 
index from a material of th e insulation layer, a second dielectric layer having an optical thickness 
of AM and being made of a mat e rial having a refractiv e index equal to the refractive index of the 
material of the insulation lay e r, th e first di e l e ctric lay e r being form e d on a main surfac e of th e 
in s ulation layer, th e s e cond diel e ctric layer b e ing form e d on a main surface, of the first dielectric 
lay e r, that faces away from th e insulation lay e r. 

Here, th e optical thickn e ss of th e in s ulation layer may be s e t s uch that the filter unit 

-3- 



tran s mits light of the selected wavelength s of order X. 

According to this con s truction, color s eparation can b e realized using a filter uni t w h o s e 
thi c kness is substantially equivalent to the wavelength of incident light (approximately 500 nm). 
A s a result, the filter unit can hav e a smaller thicknes s , which i s effective in reducing the 
degradation of the color separation function caused by oblique light. 

Here, in a portion of the dielectric multilayer film corresponding to a light receiving 
unit, the insulation layer may have one or more through holes or grooves which penetrate in a 
direction vertical to the main surface of the insulation layer and are filled with a same material as 
t he material forming the first dielectric layer, the filter unit may transmit light of a wavelength 
determined according to a ratio b e tween an area of the one or more through holes or grooves, and 
a n area o f the insulation layer excluding the one or more through holes or grooves, when the 
insulation layer i s s een in plan view. 

According to this construction, in the insulation layer, materials of differing refractive 
i n d e x are alternately disposed in a direction parallel to the main surfaces of the insulation layer. 
This alter s an effective refractive index e xperienc e d by incident light, thereby enabling 
wavelength selection to be realized. In this way, color separation can be realized using a filter 
unit having a thicknes s s ub s tantially equivalent to the wavelength of the incident light 
(ap p roxi mately 500 nm). As a result, th e filter unit can have a smaller thickness, and 
significantly inhibi t the degradation of the color separation function caused by oblique light. 
Furthermore, since there is no ne e d to vary the thicknes s of the 'in s ulation layer, the 
manufacturing process can b e simplifi e d, and stable color separation characteristics realized. 

Here, the solid state imaging d e vice may further include a plurality of light - receiving 
unit s two dimensionally arrayed in a s emiconductor s ubstrate, wherein e ach portion of the 
in s ulation layer corresponding to a light - receiving unit ha s an inwardly inclined lateral s urface. 

According to this construction, the filter unit can concentrate incident light. This can 
further prevent degradation of color s e paration. 

Here, solid state imaging device of the pr e sent invention may further include a plurality 
of light receiving units two dimensionally arrayed in a s emiconductor substrate, wherein 
a region of the insulation layer through which light incident on a corresponding light - receiving 
unit is to be transmitted has a plurality of s e ctions, each having a different thickness. 
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By forming an insulation lay e r having two or more differing thickness within a s ingle 
pixel i n this way, it i s pos s ible to widen the pa s sband for entering the corre s ponding light - 
receiving unit, and cons e qu e ntly, to improv e wavelength sen s itivity for each color. 

Here, an absorbing member for ab s orbing light reflected by the dielectric multilayer 
film may be provided on the s id e of the di e lectric multilayer film to which the light i s reflected. 
Further the ab s orbing m e mb e r may be a color filter containing pigments or dyes. This 
con s truction can reduce the occurrence of noi s e due to light reflected by the dielectric mult ila y e r 

mm. 

Further, the present invention i s a camera including the solid - state imaging d e vi c e 
having the filter unit that is composed of a dielectric multilayer film and transmits incident light 
of selected wavelengths of order A,, wh e rein the filter unit is a dielectric multilayer film that 
include s two A71 multilayer films, and an in s ulation layer sandwiched between the A7 4 multilayer 
films, the insula t i o n layer having a thickness other than With this construction the camera 
can offer the favorable prop e rty of reduced color mixing. 

Further, the present invention is a manufacturing method for a solid s tate imaging 
device including a filt e r unit that transmits incid e nt light of s elected wavelengths of order X, the 
filter unit being formed by conducting the following steps: a fir s t formation s tep of forming a 
first dielectric multilay e r film on a semiconductor s ubstrate, the first dielectric multilayer film 
consisting of a plurality XAl optical films; a se cond formation step of forming a first in su l ation 
layer on the fir s t dielectric multilay e r film; a first removal step of removing the first insulation 
layer except for a fir s t region; a third formation step of forming a s econd insulation layer on the 
first dielectric multilayer film and the first region of the fir s t insulation layer; a second removal 
step of removing a second r e gion of the second insulation layer, the second region being 
positioned on the first dielectric multilay e r film; and a fourth formation s tep of forming a s econd 
dielectric multilayer film on th e second insulation layer and th e first dielectric multilayer film, 
the s econd dielectric multilay e r film consisting of a plurality of X/ 4 optical films. 

When m a nufacturing a solid stat e imaging device having a filter that is formed using a 
dielectric multilay e r film, it i s es s e ntial to control the thickness of each layer of the filt e r at the 
level of nanometers, in ord e r to attain ideal wavelength s e lection. By utilizing the above - 
described film formation proce s s p e rform e d und e r optimal conditions, the thickness of each of 
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the layers making up th e di e l e ctric multilay e r film can be controlled on the wafer to within 
plus/minus 2% of a uniform thickness distribution. 

Further th e present inv e ntion is a manufacturing method of a solid s tate imaging device 
including a filter unit that tran s mit s incid e nt light of s e l e cted wavelengths of order A, the filter 
unit being formed by conducting th e following steps: a first formation step of forming a fir s t 
dielectric multilayer film on a s e miconductor substrate, the first di e lectric multilayer film 
consi s ting of a plurality A/ 4 optical films; a s econd formation s tep of forming a first in s ulation 
layer on a first region of the first diel e ctric multilayer film by u s ing a liftoff method; a third 
formation step of forming a se cond insulation layer on a second region of the first dielectric 
multilayer film by using the liftoff method, the second region being different from the first 
region; and a fourth formation step of forming a second dielectric multilayer film on the fir s t 
insulation layer, the s econd insulation layer, and the fir s t dielectric multilayer film, the second 
dielectric multilayer film con s isting of a plurality of A/4 optical films. 

U s ing th e liftoff method to form an insulation layer in the filter unit realizes the same 
effect s of more favorably controlling th e thickness of the insulation layer, and reducing variation 
in the thickne s s. 

Further, the present invention i s a manufacturing method of a s olid state imaging d e vice 
including a filter unit that transmits incident light of selected wavelengths of order A, the filter 
unit being formed by conducting th e following s teps: a first formation step of forming a first 
multilayer dielectric film on a s e miconductor s ubstrat e , the first multilayer dielectric film 
con s isting of a plurality A/4 optical films; a s econd formation step of forming a first insulation 
layer on the first di e lectric multilay e r film; a first removal step of removing the first in s ulation 
lay e r except for a first r e gion; a third formation step of forming a second insulation layer on the 
first insulation layer in a s e cond r e gion that i s within the first r e gion, and on a region of the first 
dielectric multilayer film wh e re the fir s t insulation lay e r is not formed, by using a liftoff m e thod; 
and a fourth formation step of forming a second dielectric multilayer film on the first in s ulation 
layer, the s econd in s ulation layer, th e second dielectric multilay e r film consi s ting of a plurality of 
A /4 op tical film s . 

To form an insulation layer having three lev e ls of thickness, thre e layer formation step s 
are generally requir e d. According to th e abov e manufacturing m e thod, however, the combination 
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of etching and liftoff m e thods e nabl e an insulation layer having three lev e l s of thickness to be 
obtain e d in only two layer formation s teps. Thu s , th e filter formation proce ss can be simplified. 
This s hortens the turnaround time, and r e duces the manufacturing co s t- 
Further, th e pr e sent inv e ntion is a manufacturing method of a solid state imaging device 
including a filter unit that transmits incident light of selected wavelengths of order X, the filt e r 
unit being formed by conducting th e following s tep s : a fir s t formation s tep of forming a first 
multilayer dielectric film on a se miconductor substrate, the fir s t multilayer dielectric film 
c on s ist i ng of a plurality XA1 optical films; a s e cond formation step of form ing a fir st ins ulati o n 
layer on the first dielectric multilayer film; a fir s t removal step of r e moving the first in s ulation 
layer except for a fir s t region; a third formation step of forming a second insulation layer on th e 
fir s t dielectric multilay e r film and the first region of the first insulation layer, the s econd 
insulation layer being made of a different material from the fir s t insulation layer; a second 
removal s tep of removing the second insulation layer, except for a portion in a second region on 
the fir s t insulation layer; and a fourth formation s t e p of forming a second dielectric multilay e r 
film on the first in s ulation lay e r, th e s econd insulation lay e r, and the first dielectric multilayer 
film, the second dielectric multilay e r film consisting of a plurality of W 4 optical films. 

To form an insulation lay e r having three lev e ls of thickness, three layer formation step s 
are generally required. According to th e above manufacturing method, however, using an 
in s ulation layer composed of mutually diff e ring material s and p e rforming selective etching 
enable an insulation lay e r having thr ee l e v e ls of thickn e s s to b e obtained in only two layer 
formation steps. Thus, the filt e r formation process can b e simplified. Thi s shorten s the 
turnaround time, and reduce s th e manufacturing cost. 

Further, the pres e nt invention is a manufacturing method of a s olid s tate imaging device 
including a plurality of light r e c e iving unit s two dimensionally arrayed in a s emiconductor 
sub s trate, and a filter unit that transmit s incid e nt light of s e lect e d wav e lengths of order X, th e 
filter unit including two di e lectric multilay e r film s , each consisting of a plurality of W4 optical 
film s , and an insulation lay e r s andwich e d b e tween th e two diel e ctric multilayer films, th e 
manufacturing method including: a formation s t e p of forming a r e sist in a middle of e ach of a 
plurality of insulation lay e r portions that oppose th e plurality of light receiving units; and a 
shaping step of shaping th e insulation layer portions by etching, to give e ach insulation layer 
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portion at least one inclined lateral s urface. 

Here, in the formation step, the resi s t may be formed so as to have an inclined lateral 
surface. Moreover, in th e formation step, the re s ist may be formed so as to have an inclined 
lateral surface, by varying an amount of exposure to light. 

Here, the solid stat e imaging device may further include a plurality of light receiving 
units two dimen s ionally array e d in a semiconductor substrate; th e filter unit transm i tt in g light of 
differing wavelengths according to a corre s ponding light receiving unit, wherein(i) lack or 
presence of the insulation lay e r, (ii) one of th e thickness and material of the insulation layer, or 
(iii) a combination of thickness and material of the insulation layer differ depending on the 
wavelength of light to be transmitted to the opposing light receiving unit. According to this 
co ns truct ion, color s eparation can be realized by the multilayer dielectric film, the presence of, 
and wher e present, the mat e rial and thickn e ss of the insulation layer in the multilayer film 
depending on the corresponding light receiving element. 

Here, the solid stat e imaging device may further include: a plurality of light receiving 
u nits t w o dim e n s i o nally arrayed in a semiconductor substrate; and the filter unit tran s mitting 
light of differing wavelength s according to a corresponding light receiving unit, wherein the two 
X/4 multilayer film s are symmetrically structured with respect to the in s ulation layer. 

Further the present invention i s a s olid state imaging device including a filter unit that 
tr an s mits in c ident light of s e lected wavelength s of order X 9 wherein the filter unit is a dielectric 
multilayer film that include s two types of dielectric layer, each type having a different refractive 
index, in the dielectric multilayer film, a dielectric layer furthest from the light receiving unit ha s 
a lower of the two refractive indices. This construction can prevent light that enters the filter unit 
from being reflected, and th e reby realize high quality imaging. 

Further, the present inv e ntion is a solid stat e imaging device including a filter unit that 
tr a n s mits incident light of s el e ct e d wav e l e ngth s of ord e r A,, wherein a protective layer is provided 
on one of main s urfac e s of a di e lectric multilayer film, or between any given p air o f dielectric 
layer s making up th e diel e ctric multilayer film. Here, the protective layer may be compo s ed of 
s ilicon nitride. With thi s con s truction, the reliability and moisture resistance of the solid state 
imaging devic e can b e improv e d. 

Here, the solid s tat e imaging d e vic e may further include: a plurality of light - receiving 
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unit s two dimensionally array e d in a semiconductor substrat e ; a plurality of light condensing 
units each operable to condens e incid e nt light; th e filt e r unit having a plurality of portions, each 
portion transmitting light of a particular wav e l e ngth that depends on a co rr espon di ng light 
receiving unit, wh e rein a filt e r unit main surfac e that fac e s away from the plurality of light 
receiving units is flat. According to this construction, the s ame distance can be achieved between 
each light - collecting unit and a corresponding light receiving unit. Therefore, light collecting 
unit s having the same focal length can be used for the solid state imaging device, regardless of 
different wavelengths of light to be r e c e ived by th e light receiving units. As a re s ult, the numb e r 
of types of parts in the solid state imaging device can be reduced, e nabling it s manufacture to be 
simp l if ied, and manufacturing costs reduced accordingly. 

Further , the pr e sent inv e ntion is a solid - state imaging device including a plurality of 
light receiving unit s two dimensionally array e d in a semiconductor s ubstrate; and a filter unit 
that transmit s incid e nt light of wavelengths of ord e r A,, wherein the filter unit i nclude s a dielectric 
multilayer film including di e l e ctric lay e r s of two type s , each typ e having a different refractiv e 
index, a distance b e tw ee n (i) th e plurality of light rec e iving units and (ii) a higher r e fractiv e 
i n d ex lay er that is position e d clos es t, among th e high e r refractiv e index layer s in the d ielectr i c 
multilayer film, to the plurality of light rec e iving unit s falls within a rang e of 1 nm and X 
inclu s ive. According to this construction, the color filter and light - receiving elements are in 
contact with each other. This e nabl e s mor e r e liabl e prev e ntion of the degradation of color 
separation cau s ed by oblique light. 

Further, the pre se nt inv e ntion is a solid state imaging device including a filt e r that 
transmit s light of s elect e d wavel e ngths of ord e r A, and a two dim e nsional array of unit pixels, 
each u nit pixe l i n c luding: a light rec e iving unit operabl e to det e ct an inten s ity of light; and a 
filter unit portion compos e d of a multilayer di e l e ctric film that transmits one of red light, green 
light, and blue light, wh e rein the plurality of unit pixels are arranged in Bay e r array according to 
a color of light transmitt e d by th e filt e r unit portion, in such a manner that every square area 
including four adjac e nt unit pix e ls has two unit pix e l s that e ach include the filter portion that 
tran s mit s blue light. A s regards its transmission characteristics, a di e lectric multilayer film ha s a 
s maller full width at half maximum for blu e light than for .red and green light. How e ver, by 
employing the above arrang e m e nt, th e d e t e ction bandwidth for blue light can be widened, and 
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the sen s itivity of the s olid state imaging devic e improved accordingly. 

As des cri bed abov e , sinc e th e s olid - state imaging device of the present invention ha s 
light shielding film form e d abov e th e wav e l e ngth s election layer, th e entry of oblique light from 
narrow angles into adjac e nt pixels is inhibit e d. 

Moreover, since a micro l e ns is form e d in each of the apertures in the light shielding 
film on the substrate, th e amount of obliqu e light e ntering the substrate from wide angl e s, which 
is the light most likely to e nt e r adjac e nt pixel s , is reduced and the amount of light concentrated 
on the pixel corr e sponding to th e micro l e n s is incr e ased. 

The wavel e ngth -se l e cting lay e r is a color filt e r, and sinc e , with the above arrangement, 
light pa ss ing the light shi e lding film will pas s exclusively into the desired color filter and 
s ubsequently enter the light r e ceiving unit, it is possible to prevent color mixing. 

Since the wavelength sel e cting layer is constructed from in o rg an i c material s , it can be 
formed using a process at some point during the semiconductor manufacturing proces s . 
Consequently, manufactur e of th e s olid s tat e imaging d e vic e can be simplified. 

Moreover, since th e wav e length s e l e cting lay e r is constructed from a multilay e r film, 
the layer that sel e ct s wavel e ngth can be mad e thinn e r and th e di s tance between the light 
shie l di ng film and th e light receiving e lem e nts reduc e d. Consequ e ntly, color mixing can be 
prevented and the amount of collect e d light increas e d. 1 

The solid s tat e imaging d e vice of th e present inv e ntion includ e s a wavelength s e lecting 
layer con s tructed from photonic crystal that s e l e cts th e wav e length s of light that are to e nter th e 
corre s ponding light rec e iving el e m e nts, which ar e two - dimensionally arr a nged i n the semi 
conductor substrat e . As th e wav e l e ngth s e l e cting layer is charact e rized by being construct e d 
from photonic cry s tal, e v e n when oblique light enter s th e wavelength selecting layer of one of 
the pixels, light within th e sp e cified rang e of wavelengths is conducted vertically by the photonic 
crystal to the light r e c e iving e l e m e nts, and oth e r light is s topped. Con se quently, light entering th e 
color filter of on e pixel do e s not e nter any of the color filt e r sections of adjacent pixels, and color 
mixing can larg e ly be pr e v e nt e d. 

Here, th e present inv e ntion includ es a camera having th e above de s cribed solid s tate 
imaging device. When a cam e ra having the abov e d e scribed charact e ristic s is used, high quality 
image s exhibiting v e ry low l e v e ls of color mixing ar e obtained. 
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In the solid s tat e imaging devic e manufacturing m e thod of the pr e sent invention, in the 
manufacturing proc e s s to form, abov e the opto e lectronic conv e rsion units, the dielectric 
multilayer film that splits incid e nt light according to wavel e ngth, th e method for sectionally 
varying the thickness of th e insulation lay e r in order to realize the color splitting function makes 
us e o f a film forming proc e s s that effectively gen e rates variations in the film thickness a s the 
film is formed, rather than dry e tching or w e t etching to vary a thickne ss of a film that has 
already been formed. This e nables bett e r control of the film thickness, and reduction in 
unevenness in the film. 

The above d e scrib e d solid -s tat e imaging devices hav e the dielectric multilayer film abov e 

the photoelectric conv e rting unit in order to separate incident light according to w a v e l e ng th. 

Here, the color s eparation can be realized by a single dielectric layer, included in the dielectric 

multilayer film, whose thickness vari e s between s ection s . This means that color separation can 

be realized using the di e l e ctric multilayer film having a thickness substantially equivalent to th e 

wavelength of incident light (approximately 500 nm). A s a result, the color filte r c an b e ma de 

thinner, and it is possible to s ignificantly reduce th e d e gradation of the color se p ar at i o n f unct io n 

caused by oblique light. 

4) On page 1 8, line 7, please amend the following paragraph as follows: 

FIG. 4 is a cross-sectional view illustrating a construction of a solid-state imaging device of a 
fifth third embodiment of the present invention; 

i 
i 

5) On page 18-20, line 9 - line 28, please delete the following paragraphs: 

FIG 5 is a cros s s ectional vi e w illustrating a manufacturing method of a color filter of the fifth 
embodiment of the pre se nt invention; 
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FIGs. 6A to 6E are cros s sectional views illu s trating a manufacturing method of a color 
filter of a fifth embodim e nt of th e pr e sent invention; 

FIG s . 7Ato 7G are cros s-se ctional views illustrating a manufacturing method o f a color 
filter relating to the sixth e mbodiment of th e pr e sent invention; 

FIGs. 8A to 8F ar e cro ss s e ctional vi e ws illu s trating a manufacturing method of a color 
filter of a s eventh embodim e nt of th e pr es ent inv e ntion; 

FIGs. 9A to 9F are cro ss sectional views illu s trating a manufacturing meth o d o f a color 
fi lte r of a n eighth embodiment of th e pr e sent invention; 

FIG. 10 i s a graph illustrating transmission characteri s tics of the color filter relating to 
the fi fth embodiment of th e pr e s e nt inv e ntion; 

FIG 1 1 i s a graph illustrating transmission characteristics observ ed w h e n an optical 
thicknes s of a s pacer layer in the color filt e r r e lating to the fifth e mbodiment of the pr es ent 
invention has s trayed from a de s igned valu e ; 

FIGs. 12A to 12D ar e cross - sectional views illu s trating a manufacturing method of a 
color filter of a ninth embodiment of th e present inv e ntion; 

FIG 13 i s a graph illustrating sp e ctral characteri s tic s of the color filter relating to the 
ninth embodiment of th e pr e s e nt invention; 

FIG 1 4 A and 14B show graph s illustrating diel e ctric multilayer film s transmission 
characteristic s which diff e r according to th e pre s ence or lack of a spac e r lay e r; 



FIGs. 15A to 15E are cross s e ctional views illustrating a manufacturing method of a 
color filter of a tenth embodiment of the pr e sent invention; 
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FIGs. 16A to 16F are cross se ctional view s illustrating a first manufac t ur i ng meth o d o f 
a color filter of an elev e nth embodiment of the present inv e ntion; 

FIGs. 17D to 17F ar e cross sectional views illustrating a second manufacturing method 
of the color filter relating to th e el e v e nth embodiment of the present invention; 

FIGs. 18A to 18E ar e a cros s sectional views illustrating a manufacturing method of a 
color filter of a twelfth embodim e nt of the present invention; 

FIG s . 19A to 19D are cross sectional view s illustrating a manufacturing method of a 
color filter of a thirte e nth embodim e nt of th e pre s ent invention; 

FIGs. 2 0 A to 20D are cross - sectional views illu s trating a manufacturing method of a 
color filter of a fourte e nth embodim e nt of th e present inv e ntion; 

FIGs. 21 A to 2 ID ar e cro s s sectional views illustrating a manufacturing method of a 
color filter of a modification e xampl e (1) of th e pres e nt invention; 

FIG 22 is a graph illustrating tran s mission charact e ristics of the color filter relating to 
the modification e xample (1) of th e pr e s e nt invention; i 

FIG. 23 is a cros s s e ctional view illustrating a construction of a color filter of a 
modification example (2) of the pr e s e nt invention; 

FIG. 24 i s a graph illustrating tran s mission charact e ristics of the color filter relating to 
the modification exampl e (2) of th e pr e s e nt invention; 

FIG. 25 i s a cross s e ctional view illu s trating a construction of a color filter of a 
modification exampl e (3) of th e pres e nt inv e ntion; 
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FIG. 26 is a graph illu s trating transmis s ion characteristic s of the color filter relating to 
the modification example (3) of the pre se nt invention. 

FIG. 27 i s a cross sectional vi e w illu s trating a construction of a solid state imaging 
de vi ce o f a modif i cation e xampl e ( 4 ) of the present invention; 

FIG. 28 is a graph illustrating tran s mi s sion characteristic s of a color filter relating to the 
modification example ( 4 ) of the pr es ent inv e nti o n ; 

FIG. 29 is a graph illustrating tran s mi s sion characteristics of a color filter of a 
modi f i c ation example (5) of th e present inv e ntion; and 

FIG. 30 illustrates an arrang e m e nt of the color filter, of a modification example (6) of the 
present invention. 

6) On page 21, line 22, please amend the following paragraph as follows: 

FIG. 3 is a cross-sectional view illustrating the construction of a solid-state imaging device 2 of 
the first embodiment of the present invention. Specifically, it shows three neighboring pixels in 
cross-section. As shown in FIG. 3, the solid-state imaging device 2 includes an N-type 
semiconductor substrate 201, a P-type semiconductor layer substrate 202, light-receiving 
elements 203R, 203G, and 203B, insulation layers 204 and 206, color filter 205R, 205G and 
205B, a light shielding film 207, and micro lenses 208. 

7) On page 24, line 7, please amend the following paragraph as follows: 
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FIG. 4 is a cross-sectional view illustrating the construction of a solid-state imaging device of the 
third embodiment. As shown in FIG. 4, the solid-state imaging device 3 includes an N-type 
semiconductor substrate 301, a P-type semiconductor laye? substrate 302, light-receiving 
elements 303R, 303G, and 303B, insulation layers 304 and 307, a light shielding film 305, color 
filter 306R, 306G and 306B, and micro lenses 308. 

8) On page 24, line 18, please amend the following paragraph as follows: 

The solid-state imaging device 3 is structured such that the P-type semiconductor substrate 302, 
the light-receiving elements 303R, 303G, and 303B, the light-transmitting insulating layer 304, 
the light shielding film 305, the color filter 306R, 306G, 306B, and the micro lenses 308 form 
respective layers on the N-type semiconductor substrate 301. The color filter 306R, 306G and 
306B is composed of photonic crystals in the same way as the color filter of the tlwd second 
embodiment. 

9) On page 26-50, line 2 - line 23, please delete the following paragraphs: 

[5] Fifth Embodiment 

The following describ es a solid state imaging device of a fifth embodiment of th e 
present invention. The solid stat e imaging device of the fifth embodim e nt has s ubstantially th e 
s ame construction as the solid - stat e imaging device of the fourth embodiment , b ut d iffer s in the 
conste u etion of the dielectric multilayer film. 

FIG. 5 is a cross s e ctional view illustrating the con s truction of the s olid state imaging 
device of the fifth embodim e nt. As shown in FIG. 5, a solid s tate imaging device 4 includ e s an 
N type s emicondu c tor s ubstrat e 401, a P typ e s e miconductor layer 4 02, light - receiving elements 
403R, 403G, and 4 03B, an insulation layer 404; a light shielding film 405, a color filter 106, and 
micro lense s 407. 

T he s o li d stat e imaging d e vic e 4 is structured s uch that the P type semicondu c tor lay er 
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402, light - receiving e lement s 4 03R, 4 03G, and 403B, light transmitting insulation layer 4 0 4, 
light shielding films 405, color filter 406, and micro lenses 407 ar e lay e red in this order on th e 
N type semiconductor lay e r 401. 

The color filt e r 406 of th e fifth embodiment is characterized by being a dielectric 
multilayer film in which titanium dioxide (Ti02) layers 4 06a, 406c, 406e and 406g, and s ilicon 
dioxide (Si02) layers 406b, 4 06d and 406f form alternate layer s . 

FIGs, 6A to 6E illustrate th e manufacturing proc es s of the color filter 406. Note that 
FIGs. 6A to 6E do not show th e light shielding films 405 and light receiving elements 4 03R, 
403G and 403B, these b e ing irr e l e vant to th e manufacturing proce s s of the color filter 406. 
Initially , as shown in FIG 6 A, th e Ti02 layer 406a, Si02 layer 406b, Ti02 layer 406c, Si02 
layer 406d are formed in the stated order on the in s ulation layer 404 using a ra di o frequen c y 
( RF ) s puttering device. 

The color filter 406 of the fifth e mbodiment has a )J4 multila yer str u c tu re with a 
designed center wavelength \ of 530 nm. Th e Ti02 layer s 406a and 4 06c, and Si02 layer 406b 
each have an optical thickn e ss of X/ 4 - 132.5 nm, and the Si02 layer 406d has an optical 
thi c kness of 150 nm. 

Next, a resist 50 is form e d in a blu e region on the Si02 layer 406d, as shown in FIG 
6B. Specifically, the r es ist 50 is form e d by applying a resist onto the Si02 layer 406d, subjecting 
the applied resist to thermal processing (prebak e ), expo s ing it to light u s ing an expo s ure devi ce 
such as a stepp e r, dev e loping it using a material such as an organic solvent, and once again 
subjecting it to thermal proc es sing (po s tbak e ). The resist 50 ha s a thickne s s of 1 [am. Mere, the 
blue region is a region of the color filter 406 designed to enabl e the light receiving element 403B 
to detect blu e light. 

Next, the portion of the Si02 lay e r 406d not covered by the resi s t 50 is removed by 
etching. Specifically, this e tching i s dry etching using a CF ga s , and is conducted under 
conditions where the etching gas i s CF 4 , the gas flow rate is 4 0 seem, the RF i s power of 200 W, 
and the degree of vacuum is 0.050 Torr. 

Note that, inst e ad of dry e tching, wet e tching with hydrofluoric acid or the like may be 
utilized, becau s e the etching s e lectivity of Si02 and Ti02 i s high for hydrofluoric acid. In this 
case, the Si02 layer 4 06d with th e r e si s t 50 i s etched by immersing the Si02 layer 4 06d and 
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resist 50, for five s e conds, in hydrofluoric acid mix e d with an ammonium fluoride s olution in the 
proportion of one to four. 

T h e Si 0 2 layer 406d i s thus proc e ssed into the state shown in FIG. 6B. 

Subsequently, after removing the resist 50 using an organic solvent or the like, an Si02 
layer i s formed u s ing the RF s puttering device, as s hown in FIG 6C. The new Si02 layer has an 
optical thickness of 4 5 nm. This means that the blue region of the Si02 laye r 406 d ha s an optical 
thickne s s of 195 nm, and th e remaining portion of the Si02 layer 406d has an optical thickne ss 
of 4 5 nm. 

Next, a resist 51 is formed in the blue region and a red region on the Si02 layer 406d, 
and a portion of the Si02 layer 406d not covered by the resist 51 i s removed by etching, as 
shown in FIG. 6D. The re s ist 51 is then removed. Here, the red region is a region of the color 
filter 4 0 6 designed to enable th e light receiving element 4 0 3 R to dete ct r e d light. 

Subsequently, the Ti02 lay e r 406e, Si02 layer 406f, and Ti02 laye r 406 g a r e forme d in 
this order accross the e ntire RGB region using th e RF sputtering device, as shown in FIG 6E. 
Here, the Ti02 layer 4 06e, Ti02 layer 4 06g, and the Si02 layer 4 06f each have an optical 
thickness ofk/A. 

The color filt e r 406 of the second embodiment can be manufactured in this way. 
Moreover, employing the above described manufacturing method enables the thicknes s variati o n 
of each of the layers to be k e pt to plus/minus 2% or less, and consequently, the precision of color 
se parat i o n by the color filter to be improved. 

[6] Sixth Embodiment 

The following describ es a solid - state imaging device of a sixth embodiment of the 
pr e sent inventi o n. The solid - state imaging device relating to the sixth embodiment ha s 
substantially the same construction a s th e s olid state imaging device r e lat i ng t o the fifth 
e mb odi ment, but differs in the manufacturing method used for the color filter. The following 
describe s the sixth embodiment, paying particular attention to the manufacturing method for the 
color filter. 

FIG s . 7A to 7G illustrat es th e manufacturing proces s for the color filter of the sixth 
embodi ment. The light shielding film and th e lik e ar e omitted from FIG s . 7A t o 7G , as they were 
from FIG s . 6Ato 6E. 
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Initially, a Ti02 lay e r 606a, an Si02 layer 606b, and a TiQ2 layer 606c arc formed in 
this order on an insulation lay e r 604, to form a AAI multilayer structure, a s shown in FIG. 7 A. 
Furthermore, a resist 60 having a thickness of 2.5 |im is formed in the red and green regions, on 
the Ti02 layer 606c, as in the fifth embodiment. 

Next, a n Si02 lay e r 606d is formed in the blue, red, and green region s u s ing an RF 

s puttering device, as s hown in FIG. 7B. Th e Si02 lay e r 606d has an optical thicknes s of 195 nm. 

Sub s equently, th e resist 60 is remov e d using an organic solvent or the like, as shown in 
FIG. 7C. This removes th e portion of th e Si02 layer that ha s be e n formed on the resist 60 (liftoff 
method), i.e. the red and gre e n r e gions of th e Si02 layer, leaving the blue region of the Si02 
laye r 6 06d . 

Next, a re s ist 61 is formed in the blue and green regions, a s shown in FIG. 7D. 

Subsequently, an Si02 lay e r is formed in the blue, red and green region s, as s h o wn i n 
FIG 7E. This new Si02 layer has an optical thickness of 4 5 nm. 

Next, the resist 61 is remov e d, l e aving the portion of the Si02 layer that has been 
formed on the resist 61. In oth e r words, the blue and green regions of the SiQ2 lay e r are 
removed, leaving the red r e gion of th e Si02 lay e r, as s hown in FIG. 7F. 

Lastly, a Ti02 layer 606 e , an Si02 layer 606f, and a Ti02 layer 606g are formed in thi s 
order across the entire RGB r e gion, as shown in FIG. 7G. 

The above description implies that it is po s sible to manufactur e the solid stat e imaging 
device of the fifth embodiment u s ing th e — manufacturing method of the sixth embodiment, and 
that the manufacturing m e thod of th e sixth e mbodiment can produce the same effects as the 
manufacturing method r e lating to th e fifth embodiment. Specifically, variation of the thickness of 
ea c h of the layers forming the color filt e r can be kept to plu s /minus 2%, enabling a s oli d s tat e 
imaging device to be manufactur e d with gr e at precision. 

[7] Seventh Embodiment 

The following d e scrib e s a s olid s tat e imaging device of a seventh embodim e nt of the 
present invention. Like the s ixth embodim e nt, the solid state imaging device of the sev e nth 
emb o diment i s characteriz e d by th e manufacturing method of the color filter, and s ubstantially 
re s embles the solid- s tat e imaging d e vic e of the fifth embodiment. However, the s olid - stat e 
imaging device of the se v e nth e mbodim e nt differs from that of the fifth embodim e nt in th e 
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following manner. While the color filter of fifth embodiment includ es an Si02 layer that extend s 
acros s the red and blue regions, and has a different optical thickne ss in each of the red and blue 
region s , the color filt e r of th e sev e nth e mbodiment include s an Si02 layer that further extends 
across the green region and has a diff e rent optical thicknes s in e ach of the red, green, and blue 
r egio ns. 

FIGs. 8A to 8F illustrat e th e manufacturing method of the color filter of the s eventh 
embodiment. Initially, a Ti02 layer 706a, an Si02 layer 706b, a Ti02 layer 706c, and an Si02 
layer 706d are formed in th e stat e d order on an insulation layer 704, as shown in FIG 8 A. The 
Ti 0 2 layers 706a and 706c, and Si02 lay e r 706b each have an optical thicknes s of A7 4 , and the 
Si 0 2 layer 706d ha s an optical thickness of 195 nm. 

N ext, a res ist 70 is formed in the gre e n and blue r e gions on the Si02 layer 706d. Then, 
the po rtion of the Si02 lay e r 706d corresponding to the r e d region is removed by etching, a s 
s hown i n FIG 8B. This etching proc e ss may be dry etching using a CF ga s , or wet etching using 
hydrofluoric acid. 

Sub s equently, th e r e sist 70 i s r e moved using an organic solv e nt or the like, and a re s i s t 
71 is formed in the blue r e gion on the Si02 layer 706d, as shown in FIG 8C. 

Next, an Si02 layer having an optical thickness of 55 nm i s formed across the entire 
RGB region using an RF sputt e ring device, as shown in FIG 8D. 

Sub s equently, the r e sist 71 is removed using an organic solvent or the like. This 
removes the portion of th e Si02 lay e r that ha s be e n form e d on the r es i s t 71 (liftoff method), as 
shown in FIG. 8E, giving the Si02 layer 706d an optical thickness of 250 nm in the green region, 
195 nm in the blue r e gion, and 55 nm in the r e d region. 

Sub s equently, a Ti02 lay e r 706 e , an Si02 layer 706f and a Ti02 layer 706g are form e d 
in thi s order on the Si02 layer 706d, and this complet es the color filter of th e sev e nth 
e mb od im ent. 

When an Si02 layer has thr e e different levels of optical thickness, s u c h a s t he Si02 
layer 706d of the color filt e r of sev e nth embodiment, the three diff e rent s ections are generally 
formed separately. How e v e r, in th e manufacturing method of the s e v e nth embodiment, only two 
layer formation step s are n ee d e d to form th e Si02 lay e r 706d whose optical thickne ss has three 
levels (55 nm, 195 nm, and 250 nm). As a r e sult, th e turnaround time (TAT) can be s hortened, 
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and the manufacturing cost reduc e d, 
[8] Eighth Embodiment 

The following describes a solid state imaging device of an eighth embodim e nt of the 
present invention. The solid stat e imaging d e vice of the eighth embodiment has substan t ially the 
same construction as th e solid - state imaging device of th e fifth embodiment, but differs in th e 
construction of the color filter. 

In the color filt e r of th e solid state imaging d e vic e of th e fifth embodiment, the Si02 
and T i 0 2 layers alternate with each other. In the color filter of the s o lid state ima g i ng d evice of 
the eighth embodiment, how e v e r, a magn e sium oxide (MgO) layer is additionally formed to 
adju s t for the wavelength of light that is to be transmitted. The following d e s c ribes the eighth 
embodiment, focusing on the manufacturing method for the color filter. 

FIGs. 9A to 9F illustrate th e manufacturing method of th e color fi lt er of the eighth 
em bod iment. Initially, a Ti02 layer 806a, an Si02 lay e r 8 0 6b, a Ti02 layer 806c, and an Si02 
layer 806d are formed in the stated order on an in s ulation layer 80 4 , as shown in FIG. 9A. The 
Ti02 layer s 806a and 806c, and Si02 layer 806b each have an optical thickness of X/ 4 , and the 
Si()2 layer 806d ha s an optical thickn es s of 195 nm. 

Next, a resist 80 is formed on the Si02 layer 806d, and a portion of the resist 80 
corre s ponding to th e red region is r e mov e d. Th e n, the portion of the SiQ2 layer 806d 
correspo nding to the red r e gion is removed by etching, as shown in FIG. 9B. 

Sub s equently, a magn e sium oxid e layer 81 having an optical thickness 5 5 nm i s formed 
across the entire RGB region, using an RF sputt e ring devic e , as shown in FIG. 9C. 

Next, a r e sist 82 is form e d in the gr e en and red r e gions, and the portion of the MgO 
layer 81 corresponding to the blue region r e moved, as shown in FIG. 9D. Here, thi s portion of 
the MgO layer 81 can be removed in a similar way to the Si02 layer 706d by dr y etc hing using a 
CF ga s , or wet et chi ng using hydrofluoric acid. 

Sub s equently, the r e sist 82 is removed as shown in FIG 9E, and a Ti02 layer 806e, an 
Si02 layer 806f, and a Ti02 layer 806g ar e form e d in this ord e r a s shown in FIG. 9F. 

With this method, the Si02 lay e r 806d and MgO layer 81 combine to give an optical 
thickne ss of 250 nm in the gr ee n r e gion, the Si02 lay e r 806d has an optical thicknes s of 195 nm 
in the blue region, and the MgO layer 81 ha s an optical thicknes s of 55 nm in the red region, 
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thereby enabling and th e required filt e r characteri s tic s to be realized. 

As described above, using two materials with e tching rate s that give s electivity (Si02 
and MgO) and then p e rforming sel e ctive etching e nables an in s ulation layer whose thicknes s has 
three level s to be formed in only two layer forming st e ps, one to form the Si02 layer 806d and 
one to form the MgO layer 81. Cons e qu e ntly, th e TAT for the solid state imaging device can be 
shortened, and the manufacturing cost reduced. 
[9] Performance Evaluation 

The foll o wing states the r e sults from an evaluation of the tran smis si o n characteristic s of 
the color filter 1 06 of the fifth embodiment. It s hould be noted that the color filter relating to the 
s ixth embodiment ha s s imilar transmission characteri s tic s . FIG. 10 is a graph illustrating the 
tran s mission characteristic s of th e color filter 4 06 of the fifth embodiment. As s e en f r om FIG. 1 0, 
the color filter 106 is able to precis e ly separate incident light into red, green and blue. Note also 
that though results from their evaluation result s are not stated here, the color filters relating to the 
fourth and fifth embodiment s are also abl e to precis e ly separate incident light into red, green and 

r*l i in 

FIG. 1 1 i s a graph illustrating th e transmi s sion characteristics ob s erved when the optical 
thickne s s of the Si02 layer 106d (h e r e inaft e r, a lay e r which is sandwiched between layers having 
an optical thicknes s of AAI, but which do e s not have an optical thickne ss of A/ 4 i s referred to a s a 
"spacer layer") in the color filter 406 of the fifth embodiment has strayed from a de s igned value. 
Specifically, FIG 11 shows th e cas es wh e r e the optical thickne s s has strayed by 0 nm and 
plus/minus 3 nm. 

As seen from FIG 11, a difference of 3 nm in the optical thicknes s of the s pace layer 
caus es a change of approximately 10 nm in the peak emis s ion wav e length of the tran s mitted 
light. In other words, wh e n the thickn e ss of the spac e r lay e r s trays from a designed v alu e by just 
3 nm, a great los s of preci s ion occurs with respect to RGB color s e paration, and the solid s tate 
imaging device is rend e r e d impractical. For this r e a s on, when th e s pacer layer i s formed, its 
optical thickness has to b e controll e d pr e cis e ly. 

In contrast, th e manufacturing methods of the above e mbodiment s of th e pre s ent 
invention make it possibl e to form th e spac e r lay e r pr e ci s ely. It i s consequently po s sible to 
suppress the degradation in wav e l e ngth selection properties caus e d by unevcnness in the optical 
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thickness of the spacer, and to prevent th e loss of s ensitivity and color mixing that accompany 
the miniaturization of solid stat e imaging d e vices. 

Conventionally, solid s tat e imaging d e vices are produced by manufacturing the light 
receiving elements and th e like s e parately from the color filter, an d s u b sequently combining 
them. In the present inv e ntion, howev e r, th e color filter and the light receiving elements and the 
like , are manufactured in a serie s of waf e r fabrication proces s e s , and it is therefore possible to 
improve the yield and reduc e manufacturing co s t s . 

Here, as long as th e spac e r lay e r has an appropriate optical thickness, the number of 
layers Forming the color filt e r may b e s e ven, or larger or smaller than sev e n. Furthermore, the 
number s of layers on resp e ctive sid e s of the spacer layer may or may not be the same. 

M o reover, the mat e rials of the layers forming the color filter 406 are not limited to 
being th e Ti02, Si02, and MgO mention e d in the above d e scription. Tantalum oxid e (Ta205), 
zirconium oxide (Zr02), silicon nitrid e (SiN), silicon nitride (Si3N / l), aluminum oxide (A12Q3), 
magne s ium fluorid e (MgF2), or hafnium oxid e (Hf03) may also be u s ed. 

[ 10] Ninth Embodim e nt 

The following d e scribes a solid state imaging device of a ninth e mbodi ment of the 
pre s ent invention. Whil e th e solid state imaging device of the ninth embodiment has a s imilar 
construction to the solid s tat e imaging d e vice of the s eventh embodiment, it is charact e riz e d by 
the manufacturing method of its color filt e r. 

FIGs. 12A to 12D illu s trat e the manufacturing m e thod of the color filter of the ninth 
embodiment. As s hown in FIG. 12A, a Ti02 layer 906a, an Si02 layer 906b, a Ti02 layer 906c, 
an Si02 layer 906d, and a Ti02 lay e r 906e are form e d in the stated order on an insulation layer 
90 4 using an RF sputt e ring devic e . Th e Ti02 layers 906a and 906c, and Si02 layer s 906b and 
906d form a X/4 multilay e r structure. The Ti02 layer 906 e is a spacer layer. 

Next, a resi s t patt e rn 90 is formed on the spac e r layer 906 e , and the red region of th e 
s pacer layer 906 e i s e tch e d, as shown in FIG. 12B. 

S u b sequ e ntly, th e r e sist patt e rn 90 i s r e moved, a resist pattern 91 i s formed, and th e 
g r ee n r egion of the s pac e r layer 906 e e tch e d, a s shown in FIG 12C. 

Next, an Si02 lay e r 906f, a Ti02 layer 906g, an Si02 lay e r 906h, and a Ti02 lay e r 906i 
are formed on the spac e r lay e r 906 e , as shown in FIG. 12D, thereby completing the color filter. 
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The optical thickness of the color filter is 622 nm in the blue region, 562 nm in the red region, 
and 542 nm in the green region. 

(1) Spectral Charact e ristic s 

The following d e scribes the spectral characteristics of the color filter of the ninth 
e mbod iment. FIG 13 is a graph illustrating the s pectral characteristics of the color filter of th e 
ninth embodiment. The s pectral charact e ri s tics are obtained u s ing a characteristic matrix method, 
under the as s umption that the r e fractiv e index of Ti02 (the high refractive index material) i s 2.5, 
the refractive in d ex of Si02 (th e low refractive index material) i s 1.45, and the optical and 
physical thickne s ses of th e s pacer layer are, respectively, 200 nm and 80 nm in the blue region, 
50 nm and 20 nm in the red region, and 0 nm and 0 nm in th e green region. Saying that the 
spacer layer has a physical thickness of 0 nm in the green region is equivalent to saying that the 
Si02 layers 906d and 906f, which together have an optical thickness of A/2, serve as a spacer 
lay er in the green region. 

As seen from FIG 13, adjusting th e thickness of the spacer layer makes it pos s ible to 
vary the wavelength of the light that is to be transmitted. 

Note that the high r e fractive index material may be s ilicon nitride, tantalum pentoxide, 
z irc o nium dioxide or the like, instead of Ti02, and the low refractive index material may be a 
material other than Si02. 

(2) Transmission Charact e ristics 

The following describes th e transmission characteristics of a dielectric multilayer film. 
FIGs. 14 A and 14B include graphs illu s trating th e transmission characteristics of dielectric 
multilayer films which differ according to the lack or presence of a s pacer layer. Here, the 
transmission characteristics s hown in FIGs. 14 A and 14B are obtained u s ing a matrix method 
ba s ed on a F resn e l co e ffici e nt, for vertical incident light only, und e r conditions wh e re th e 
number of pair s is t e n and th e d e sign e d cent e r wavelength i s 550 nm. In each of FIGs. 1 4 A and 
1 4 B, tran s mittance is plotted along th e vertical axis, and the wavelength of light incident on the 
dielectric multilay e r film i s plott e d along the horizontal axi s . 

When the entire diel e ctric multilayer film composed of s ilicon nitride and s ilicon 
dioxide is a A/4 multilay e r film, th e diel e ctric multilayer film reflects light of a wavelength band 
cen ter ed around the designed wavelength, as shown in FIG 14 A. Here, this reflection bandwidth 
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widens a s the difference in refl e ction ind e x b e tween the low refractive index and high refractive 

i 

index materials forming th e multilayer film increases. : 

On the other hand, when a di e l e ctric multilayer film includes a s pacer lay e r whose 
optical thickness is not A/4, and UA multilayer films symm e trically structured on the lower and 
upper sides of the spacer lay e r, it is possible to obtain a color filter which tran s mits the 
wavelengths of the 7JA multilay e r film reflection bandwidth which are in the vicinity of the 
de s igned wavel e ngth, as shown in FIG 12B. Moreover, if the thickness of the spacer layer is 
varied , the peak wavelength can be varied. 

In the ninth embodim e nt, this property is taken into consideration, and a dielectric 
m u ltilayer film used a s the color filter The thickness of the color filter can then be of the o rd er o f 
the wavelength of the incident light (approximately 500 nm). It is consequently possibl e to attain 
a smaller - si z e d s ol id - state imaging device, and effectively prevent the color mixing caused by 
obli qu e light. 

Further, s ince, according to the ninth embodim e nt, the color filter can be formed 
together with the light receiving elem e nts u s ing a series of semi conductor manufacturing 
proce s ses, the quality of the solid state imaging devices can be s tabilize d a nd th e manufacturing 
costs reduced. 

[11] Tenth Embodiment 

The following de s cribe s a t e nth embodiment of the present invention. A solid s tate 
imaging device of the tenth embodim e nt has substantially the same construction as the solid state 
imaging devices relating to th e abov e embodiments, but differs in t he c onstruction of the spacer 
l a ye r inc luded in the color filt e r. In the above embodiments, the wavelength transmitted by the 
color filter was exclusively d e termined by varying the thickne s s of the s pacer layer. In the tenth 
embodiment, how e ver, the wavelength of light transmitted by the color filter is deter mined by 
forming the s pacer layer using two diff e r e nt mat e rial s without varying the thickness. 
Specifically, in the tenth embodiment, the wavelength of light tran s mitted by the color filter i s 
adjus t e d by alternately disposing two mat e rials of differing refractive indices in a direction 
parallel to the main surfac e of the s ubstrat e . ' 

FIG s . 15A to 15E illustrate the manufacturing m e thod of th e color filter of the tenth 

emb o di ment. Initially, a Ti02 layer 1006a, an Si02 layer 1006b, a Ti02 lay e r 1006c, an Si02 
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layer 1006d, and a Ti02 layer IOO60 are formed on an insulation layer 100 4 , as shown in FIG. 
15 A. The Ti02 layer 1006 e i s a spac e r layer. 

Next, a resist pattern 1000 is formed on th e Ti02 layer 1006e a s s hown in FIG 15B. 

Subsequently, making use of th e resist pattern 1000, the Ti02 layer 1006e is etched, and 
a plurality of through hol e s or grooves ar e formed in the red region of the Ti02 layer 1006e. 
Here, the through holes or groov e s are dispos e d in a direction parallel to the main surface of th e 
T i 02 layer 1006e. When the r e d r e gion of the Ti02 layer 1006e is se e n two dimensionally in 
plan view, the ratio in area b e tween the etched region (the groove s ) and the non etched r egio n is 
4 :1. Hence, the refractive ind e x of th e red region of th e Ti02 layer 1006e is defined by the 
following expression. 

((the refractive index of Si02) * 1/5) + ((the refractiv e ind e x o f Ti02) * 1/5) 

Here, the green region of th e Ti02 layer 1006e is completely removed by the etching 

process. 

Next, an Si02 layer 1006f, a Ti02 layer 1006g, an Si02 layer 1006h , and a Ti02 layer 
I006i are formed in this order on the Ti02 layer 1006e, and on the portion of t he Si02 layer 
1006d that has been expos e d by the partial removal of the Ti02 layer 1006e, and this completes 
color Filter. 

Since, with this construction, th e number steps required to manufacture the solid state 
ima ging device can be r e duced, it is po s sible to shorten the TAT, and reduce manufacturing co s t s . 
[12] Eleventh Embodiment 

The following d e scrib e s a solid state imaging device of an eleventh embodiment of the 
present invention. The s olid - state imaging device of the eleventh embodiment has substantially 
the same construction a s the solid - state imaging devic e s of the above embodiments, but differs in 
that the col or Filt e r concentrat es incid e nt light on the light receiving elements. 

FIGs. 16A to 16F illustrate the manufacturing proces s of the color Filter of the eleventh 
e mbo d iment. Initially, a Ti02 layer 1106a, an Si02 lay e r 1106b, a Ti02 layer 1106c, an Si02 
layer 1106d, and a Ti02 layer 1106e ar e formed on an insulation layer 1104, as shown in FIG. 
16 A. Here, the Ti02 lay e r 1 106 e is a spacer layer. 

Next, a resist patt e rn 1100 is formed on the Ti02 lay e r 1106e, and the red region o f the 
Ti02 layer 1 106e is then etched, as shown in FIG 16B. 
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Subsequently, a resist pattern 1101 is formed on the Ti02 layer 1106e, and the green 
region of the Ti02 lay e r 1 106e e tched, as shown in FIG. 16C. 

Next, a r e si s t pattern 1102 is formed on th e Ti02 layer 1106e, in the center of each of 
the red, green, and blu e r e gion s , a s shown in FIG. 16D. 

Subsequently, e ach of th e red, green and blu e r e gions of the Ti02 layer 1 1 06 e is 
p r o c essed to have inclin e d lat e ral surfac e s, using photolithography and dry etching, as s hown in 
FIG 16E. 

Lastly, the resist pattern 1 102 is removed, and an Si02 lay e r 1 106f , a T i 02 layer 1 106g, 
an Si0 2 layer 1106h, and a TiQ2 lay e r 1106i are formed, thereby completing th e solid state 
i m ag i ng device. Here, sinc e each of the red, green and blue region s of the Ti0 2 laye r 1 106e has 
inclin e d lateral s urfaces a s m e ntioned above, each of the red, green and blue regions of the 
lamination made up by the Si02 lay e r 1106f, the Ti02 lay e r 1106g, the Si02 layer 11 06h, and 
the TiQ2 layer 1 106i al s o has inclined lateral surfaces. 

With s uch inclin e d lat e ral s urfac e s, light that enters the color filter through th e lateral 



Con seq uently, th e color filter of the el e v e nth embodiment can more reliably prevent the 
degradation of color separation caused by oblique light. In addition, the color filter relating to the 
eleventh embodim e nt partially fulfils th e function of th e micro len s for collecting incident light. 
As a result, thinner micro lens e s can b e utilized, and a smaller siz e d solid state imaging device 
realized. 

Note that the following manufacturing method can also be u s ed to realize a color filter 
who s e red, green and blue r e gion s e ach have inclined lat e ral surface s , and thereby obt ai n similar 
effect s to those d e scribed abov e . FIGs. 17A to 17F illu s trat e this alternative manufacturing 
method for the color filt e r whos e r e d , gr e en, and blue region s each hav e incline d late ral surface s . 
The steps s hown in FIGs. 17A to 17C ar e th e s am e a s those shown in FIGs. 16A to 16C, 
Following these st e p s , a r e sist patt e rn 1203 having portions corresponding to the red, green and 
blue regi o n s i s f orm e d, each portion having inclined lateral surfaces, a s shown in FIG 17D. The 
steps s hown in FIGs. 17E and 17F ar e th e same a s thos e shown in FIG s . 16E and 16F. Thus, a 
color filter identical to th e pr e viou s ly de s cribed color filt e r can al s o b e obtain e d by means of this 
method. 
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Moreover, it goes without saying that using the manufacturing methods of the eleventh 
embodiment makes it possibl e attain a small e r sized solid s tate imaging device, improve the 
yield ratio, and re d uce manufacturing costs, in the sam e way as manufacturing methods of th e 
above em bodiments. 

[13] Twelfth Embodim e nt 

The following describes a twelfth embodiment of the present invention. A solid - state 
imaging d ev ic e rel ating to the tw e lfth embodim ent has s ub s tantially the s ame construction as the 
s olid state imaging devic e s relating to th e above embodiment s , but differ s in the shape of the 
s pacer layer included in the color filt e r. In th e above embodiments, the thickne s s of the spacer 
layer is uniform within e ach of th e red, gr ee n and blue regions. The twelfth embodiment, 
however, i s characterized by th e thickness of the spacer layer varying within each region. Thi s 
enables the lig ht tr ansmission pa ss band to be widened. 

F IGs . 18 A to 18E illustrate the manufacturing method of the color filter of the twelfth 
emb od iment . In the twelfth embodiment, an etching step of removing part of the blue region of a 
Ti02 layer 1306e using a resi s t pattern 1301 is added, as shown in FIG. 18B. Because of thi s 
ad di ti o nal step , the thicknes s of the blue region of the Ti02 layer 1306e has two level s . Thi s 
e na b le s t he p assband for blue light to be widened, and the transmission characteristic s of the 
color filter enhanced accordingly. 

The thickness of the s pacer layer in the blue region i s not limited to having two levels, 
but may have three or more l e v e ls. Furth e rmore, variation in the thicknes s ; of the spacer layer is 
not limited to the blue region. The thickn ess of the spacer layer in the red or/and green regions 
layer may also be varied. 

In addition, the high r e fractive index material may be silicon nitride, tantalum 
pentoxide, zirconium dioxid e , or the lik e , instead of Ti02, and the low refractive index material 
may be a material other than Si02. 

The twelfth embodim e nt e nabl e s th e thickness of the color filter to be kept to the ord e r 
of the wavelength of incid e nt light. Henc e , the color mixing caused by oblique light can be 
prevented, and a smaller sized solid s tate imaging device can be realized. Furthermore, the yield 
can be improved, and manufacturing costs reduced. 

[H] Thirt ee nth Embodiment 
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The following de s cribe s a thirteenth embodiment of the pre s ent invention. A s olid state 
imaging device of the thirte e nth embodiment has substantially the same construction as the s olid 
state imaging devices of the above embodiments, but differ s in that the thickness of the spacer 
layer varie s continuously. 

FIGs. 19A to 19D illustrate th e manufacturing m e thod of the color filter of the 
thirteenth embodiment. Initially, a Ti02 lay e r 1406a, an Si02 layer 1406b, a Ti02 layer 1 4 06c, 
an Si02 layer 1406d, and a Ti02 lay e r H06e ar e formed in the stated order on an insulation 
layer 1 404, as shown in FIG 19 A. 

Next, a re s ist pattern 1401, whose thicknes s gradually reduces from the blue region, 
through the red region, to the green region, is formed using a photolithographic process, a s 

shown in FIG 19B. The photolithographic process involves continuously varying the 

transmittanee of a chrome (Cr) film on the photomask during exposure in accordance with the 
desired taper, so as to gradually change the photoma s k light transmi ss ion characteri s tics. 

Sub s equently, th e Ti02 layer 1406e i s shaped by dry etching s uch that its thickness 
gradually decr eas es in accordance with the taper of the resist pattern 1401, as shown in FIG 19C. 

La s tly, an Si02 layer I106f, a Ti02 layer 1406g, an Si02 layer 1 4 06h, and a Ti02 layer 
1 4 06i are formed in this ord e r on the Ti02 layer 1 4 06e, as shown in FIG 19D, thereby 
completing the color filter. 

The pa s sband charact e ristics can b e further improved using this method. 

[15] Fourteenth Embodim e nt 

The following de s crib e s a fourteenth embodiment of the present invention. A solid s tate 
imaging device of the fourteenth embodiment has substantially the same con s truction as the 
solid state imaging devices relating to the above embodiments, but differ s in that it include s an 
a bsorbin g member that absorb s light reflected by the color filter. 

FIG s . 20A to 20D illu s trat e th e manufacturing method of the color filter of the 
fourteenth embodiment. The steps shown in FIG s . 20A to 20C resemble those of the above 

As shown in FIG 20D, th e color filt e r r e lating to the fourteenth embodiment has 
ab s orbing member s 1507b, 1507r, and 1507g for the respective colors, on a Ti02 layer 1506i. 
The abs o rbing members 1507b, 1507r and 1507g may, for example, be realized using a color 
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filter containing pigm e nts or dy es . 

As descr ibe d above, a color filter that is formed from a dielectric multilayer film only 
transmits particular wavel e ngth s of light, and refl e cts other wavelengths. This reflected light 
may, as a re s ult of multipl e r e flections at the surface of the solid s tate imaging device for 
in s tance, enter light receiving elements other than the ones desired. This kind of problem can be 
s o lved by providing absorbing members on the color filter as in the fourteenth embodiment, 
s ince this enable s nois e gen e rated by the reflected light to b e s uppressed. 

[16] MODIFICATION EXAMPLES 

Though the pres e nt inv e ntion has been describ e d based on the above e mbodiments, it i s 
not of course limited to th e s e e mbodim e nts, and furth e r include s the following modification s . 

(4 ) In th e above d e scrib e d e mbodim e nts, th e outmost layer in the color filter i s always 
made of the high refractiv e ind e x material (Ti02). However, the present i nventi o n is n o t limi te d 
to such an arrangement, and the outmost layer may be made of the low refractive index material. 

FIGs. 21A to 21D illu s trat e the manufacturing method of a color filter whose outmost 
layer is made of the low refractiv e ind e x material. Initially, a Ti02 layer 1606a, an SiQ2 lay e r 
1606b , a Ti02 layer 1606c, and an Si02 layer 1606d are formed on an in s ulation layer 1604, as 
sh o wn i n FIG. 21 A. 

Next, the thickn ess of the Si02 layer 1606d, which i s a s pacer layer, is adjusted by 
etching as s hown in FIG s . 21B and 21C. Lastly, a Ti02 layer 1606e, an Si02 layer 1606f, a Ti02 
layer 1606g, and an Si02 layer 1606h ar e formed, on the Si02 layer 1606d and the gre e n region 
of the Ti02 layer 1606c, a s shown in FIG 2 ID. 

FIG. 22 is a graph illustrating th e transmi ss ion characteri s tics of th e color filter of thi s 
modification example. A comparison of FIG. 22 with FIG. 10 shows that the peak transmittance 
of ea ch o f blu e light and r e d light is improv e d to approximately 100%, and that the peak 
tran s mittanc e of gre e n light is also improv e d toward 100%. 

With this construction, incid e nt light is le ss lik e ly to b e reflected by the outmost layer in 
the c olor filter than wh e n the high r e fractive ind e x mat e rial i s us e d. As a re s ult, more effici e nt 
imaging can be p e rform e d. Not e also that a spacer lay e r mad e of th e low retractive ind e x 
material i s known to giv e b e tt e r sp e ctral s e nsitivity than a s pacer layer made of the high 
refractive index material. 
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(2) Th e abov e d e scription of th e e mbodim e nts makes no particular reference to a 
protective layer, but on e may b e formed on the surfac e of the color filt e r facing th e insulation 
layer, on th e surface facing th e micro lens e s, or between the di e lectric layer s that mak e up th e 
color filter. Forming a protectiv e lay e r (for example, a silicon nitride layer) in such a position 
enable s the reliability and moi s tur e r e sistance of th e s olid state imaging device to be improved. 
FI G. 23 i s a cross sectional vi e w illustrating a color filter of thi s modification example. A s shown 
in FIG. 23, a protectiv e lay e r 1705, and a color filter 1706 are formed in this order on an 
in s ulation layer 1704. Her e , th e protective lay e r 1705 i s made of s ilicon nitride. 

FIG. is a graph illustrating the transmission characteristic s of the color filter relating 
to thi s mo di fi c at io n exampl e . As seen from FIG. 21, the addition of the protective layer 1705 
do es n o t caus e si gnificant degradation in the transmi s sion characteristic s . 

The addition of a protective lay e r in this way enables the reliab ility a nd moisture 
resistance of the so lid stat e imaging device to b e improved. 

(3) In th e above description of th e e mbodiment s , th e profil e of th e micro lens side of the 
co lor filt er always resembl e d the profile of th e spacer layer. The pr e sent invention, however is 
n ot l imit e d to such an arrang e m e nt, and includes th e following modification example. 

FIG. 25 shows th e color filter of this modification example. As shown in FIG. 25, a 
color filter 1 806 of this modification e xample has a structure in which alternating Ti02 layers 
and Si02 layer s are form e d on an insulation layer 1801. In addition, an Si02 layer 1806g who s e 
thickness is adjusted in accordance with the uneven surface of the color filter 1806 is formed on 
the surface of the color filt e r 1806 which fac e s the micro lens es , and the surface of the Si02 
layer 1806g which fac e s th e micro lenses i s flat. 

FIG 26 is a graph illustrating the transmi ss ion characteri s tic s of t h e co lor filter 1806. As 
seen from FIG 26, the color filter 1806 has e xc e llent transmission characteristic s , despit e of t he 
presence of the Si02 lay e r 1806g. 

With this con s truction, sinc e th e micro lenses can be easily formed, the yi el d can be 
improved, and manufacturing costs r e duc e d. Furth e rmor e , there is no n ee d to us e micro lens es 
having a different focal l e ngth for e ach color. 

(1) In th e abov e d e scription of th e e mbodim e nts, th e color filt e r is always formed on th e 
insulation layer. Howev e r, the present inv e ntion is not limited to s uch an arrangement, and 
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i nc lud es the following modification e xample. 

The color filter may b e form e d so as to b e in contact with th e light receiving e lements. 
FIG. 27 is a cross sectional vi e w illustrating a construction of a solid stat e imaging device of this 
modific ation example. 

As s hown in FIG. 27, th e solid - state imaging device of this modification example 
includes an N type s e miconductor s ubstrate 1901, a P - typ e semiconductor layer 1902, light 
receiving elements 1903, a color filt e r 1906, an insulation layer 190 4 , a light shielding film 1905, 
an d micro lense s 1907. FIG. 28 is a graph illu s trating the transmis s ion characteristic s of th e color 
filter 1906. FIG. 28 confirms that th e construction of thi s modification causes no particular 
degradation in the transmission charact e ristics of the color filter 1906. 

With this con s truction, since the color filter is formed s o as to be in co ntact with th e 
light receiving element s , color mixing due to oblique light can be prevented more reliably. 

H ere, the distanc e from the surface of the semiconductor to the high refractive index 
layer in the color filter should be at l e a s t 1 nm, but no more than the wavelength of the light 
transmitted by the color filter. B e twe e n the surface of th e s e miconductor and the high refractiv e 
index layer in the color filt e r, a low refractiv e index layer, which i s part of the color filter, or a 
buffer layer may be provid e d. For example, when the high refractiv e index layer is a Ti02 layer 
and the low refractive ind e x lay e r is an Si02 layer, th e distance from the Ti02 layer to the light - 
receiving elements (th e surfac e of th e s e miconductor) will preferably fall within the above range. 
In other words, it i s d e sirabl e that th e optical thickne s s of the Si02 layer in contact with the 
light - receiving elements at l e ast 1 nm but no more than th e wav e length of light transmitted by 
the color filter. 

(5) A ccor ding to the above d e scription of the embodim e nts, in a color filter having 
alternating Ti02 and Si02 lay e rs, a color filter can be obtained whichev e r o f the Ti02 and Si02 
layer s i s used as t h e spacer lay e r. 

However, from th e point of view of transmittanc e , it i s pr e ferabl e that the spac e r layer is 
an Si02 layer. FIG. 29 is a graph illustrating th e transmission characteristics of the color filter 
wh os e s pacer layer is a Ti02 lay e r. As se e n from FIG. 29, when the spacer layer is a Ti02 lay e r, 
none of the peak tran s mittanc e s for blue, gre e n, and red r e aches 90%. 

When the s pacer lay e r is an Si02 layer, on the other hand, the peak transmittance of 
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each of blue, green, and red is 95% or higher, as s e e n from FIG. 10 for example. Consequently, in 
color filters having alternating Si02 and Ti02 layer s , th e s pacer layer is preferably an Si02 
layer. 

Here, the optical thickn e ss of the s pacer layer is pref e rably at least 1 nm but no mor e 
than a wavelength of light tran s mitt e d by th e filt e r. An optical thickne ss within this range both 
lowers the reflectanc e of th e s pacer lay e r and e nable s the spacer layer to act a s a buffer lay e r 
between the silicon sub s trat e and th e Ti02 lay e r. 

(6) The abov e d e scription of the embodiments state s simply that red, green and blu e 
r eg i o ns of the color filter are arranged in Bayer array. The following specifically de s cribes a 
de s irable arrangement of red, green, and blue regions of the color filter. 

PI G. 30 illustrates an arrang e ment of red, green and blue regions of the color filter of 
this modification exampl e , showing a minimum unit (four pixel s ) of the Bayer array. All the 
pixels are arranged in thi s minimum unit which is r e peated. As s e en from FIG. 30, two pixels out 
of the four pixel s forming the minimum unit of the Bayer array detect blue light, and th e 
remaining two pixels det e ct r e d light and gre e n light respectively. 

Due to its it s transmi s sion charact e ristics, the color filter ha s a s maller full width at half 
maximum for blue light than for r e d or gr ee n light. By employing the above arrangem e nt, 
however, the pa s sband for det e cting blu e light can be widened, and th e s ensitivity of the solid 
state imaging devic e improv e d. 

(7) According to th e abov e d e scription of the tenth embodiment, the grooves are formed 
in the red region of the Ti02 layer, and filled with Si02. However, the present invention is not 
limited to such an arrang e m e nt, and includ e s th e following modification example. For instanc e , 
d e p r essi o n s may be provided in th e Ti02 lay e r in place of the grooves, and filled with Si02. In 
this case too, the refractiv e ind e x of this r e gion of the Ti02 lay e r can be defined by th e 
expres s ion shown in th e t e nth e mbodim e nt. Alternativ e ly, the groove s may be provided 
concentrically. 
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